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[50124/01101] 

System Method for Correction of Intnrorehnl Chemical Imbalances 
Back groun d Information 

(00001] The present invention relates generally to a system and method for treating condmons 
of the hrain. More speeifteaUy, the present invention relates «o a ea.he.er assembly and method 
for intraventricular shunting and lavage for the change of neurophysiology itnbalanees ,„ the 
central nervous system (CNS). 



,00002) Apopro.ein and other snbs.anees acenmnlate in me brain tissues of patients suffenng 
torn cognitive impairment assoc.a.ed with ag.ng (e.g., Alzheimer's disease). Pa,ien,s tn a coma 
after traumatic head injury, patien.s suffering ftom dementia, and patients with a variety of other 
psychiatric disorders are also known to display imbalances or deficiencies of a vanety of 
cerebral neurotransmitters and electrolytes. 

,000031 Patients in a coma after traumatic head injury are known to display sevetal kinds of 
neurophysiologieal disequilibria, for example, excessively high intractantal pressure whtch may 
depress the regulation of vital functions or create deficits of neurotransmitters sueh as 
Acetylcholine or serotonin resulting m a diminution of activating and arousal processes. 

(000041 Precursors and metabolites of neurotransmitters are also present in the cerebrospinal 
fluid (CSF) which establishes an equilibrium by diffusion with the extracellular flu.d (ECF) 
which is the intimate environment of the parenchyma tissue, neurons and glia. The CSF 
concentrations of these substances mayprovide cUntcaUy useful information about excesses or 
deficits of neurotransmitters in the tissue. 

(000051 Such neurophysiologieal disequilibria may result in a build up of toxic substances in 
the CSF Excessive amounts of metabolite produced in one brain regton may diffuse vta the 
CSF to other regions where they may after .he balance of reversible reactions, fntracrantal 
pressure (ICP) may mcrease, caustng depresston of centers in the brainstem .ha, are essentia, for 
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ctinical conditions such as hydrocephalus or traumatic bratu mjury. The CSF may 
nrrcSPspacetoadiuattire.CP.audmeeo— nsof me— or precursor* of 

cntica. substances may he subjected to microassay outside me erantum. 

,00006, The removal of CSF .0 treat Maimer's disease, hydrocepha.us, bram edema, or other 

^t^-tsdirectedtoamemodoftieatinsacentraine^ssystem 
Zl dista, ends of me firs, and second conduits open .0 a portion of me patient s CNS 

r<5F hv one of a microassay of a sample of Ct>f wiuwrdwu 

quantity CSF via the second conduit. 
,00008, Thepresentmvention is 

M ends of me firs, and second conduits open into a portion of a parent s CN 
"ipconp.ed.omefirs.reser.oirand.hefirs.condm.forintiodncins.hema.enano.heC^ 



via the first conduit and a brain wave detection unit for detecting and analyzing brain waves of 
the patient. 

Brief Descr iption of Drawings 

,000091 Fig. 1A shows an exemplary embodiment of a catheter assembly according to the 
present invention; 

Fig. IB shows a cross-section of the catheter assembly of Fig. 1 A taken along line A-A of Fig. 
1A; 



Fig. 2A shows an exem; 



plary embodiment of a first branch of the catheter assembly of Fig. 1 A; 



Fig. 2B shows a second branch of a catheter assembly according to an exemplary embodiment of 
the present invention; 

Fig. 3 shows an osmotic pump assembly for use in accord with the embodiment of Fig. 1 A; 

Fig. 4 shows an exemplary embodiment of a method for the correction of neurophysiological 
diseauilibria in the central nervous system according to the present invention; and 

Fig. 5 shows a cross-sectional view of a multi-chamber osmotic pump according to an 
embodiment of the invention. 

rw lilpfl Description . . 

[00010] Those skilled in the art will understand that it may. at times, be desirable to admnuster 
phanmacotherapeutic drugs or other therapeutic agents to treat chemical imbalances in the bran, 
However the effective availability of many of the phamracotherapeutic drugs admunstered to 
.eat such is limited by their inabifity to cross me Wood-brain barrier ("BBB")- Further, aHhough 
precursors, agonists and antagonists of these snbsmces are well brown, the ability to dehver 
effective cerebral doses is sometimes seriously constrained by their possible systemrc srde 
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effects. 



10 „0n, Thoses.ciUeain.hear.wiU — i« may, a, toes, be desirab.e ,o ^. ^ 
homeostatic functions. 

,00012, The invention enables aggressive intervention in brain disorders by adaptive* 
^fCPoromerwi— ^ 

systemic side effects, by a diree, delivery into the CSF using a mtnrmaUy tnvastve teehno gy 
coupled with bioassay and eleetrophysioiogieal monitoring techntqnes. 

,000,3, The CSF snrronnding the brain and spine is naturaUy produeed in the chorion, pi™, 
ri vlcfesand — dviHt. SweUmgofmebraindnetoede^ 

1 ease in .CP. Similar dangerons excesses of ICP - disturbances of bram dev lopment ean 
^ntoxic — inu.eCSF.Tbese.o.insn.y.forexan^le.beg^edb^ed 

firing in an aeenmulation of toxins in the CSF. Known toxte substances tnelude b a A 
o- „,„h„lin tau etc Other conditions are known to cause tncreases or 
amyloid, beta-2 microglobulin, tau, etc. «»» 
deceases in the availability of neurotransmitters or their precursors. 

(000141 TbeECFwhicbismeinumafeenvimnmen ^.ofthe brain ceUs lain reversible di«on 
metabolites from various brain regions into the CSF. 

,000,5, As wou,d be understood by those skilled in the art, the power spectrum of the EEG is 



• , in the brain which is dependent upon 

— — ^Cslt i. — - — »— 
appropriate availably of neurottansmtt, «. Exc esse ^ 

thjs regulation. Wore, quantitative analysrs of the EEG ean 
neurotransmitter availability. 

traumatic brain injury or other conditions may resu < . M ^ 
ICP that can have serrous consequences includmg death, and are subje 
trauma intensive care unit. 

balances, » one embodiment of ttte mventron, the ^ ^ ^ ^ 

chemical analysis of the CSb. Howe t no P SF from the cranium and an 

into the cranium via an osmottc pump, wn nt itative electroencephalographic (QEEG) 

Ventricular *^^^^XJL^ 
assays and with chemical analysis of the shunted CSF perform 

[000181 .noneembodimentofme — ^^^^ 
• ^ ^i.frpdhack from a sensor momtonng the 1CF to regu 

CSF from the shunt. For example, acceptable range is 

a„ d forward mis data to a processor so mat, when an ICP val » on ^ 
detected, externa, personnel may be notified or — ^ ^,1^, aa w,l, be 

discussed below, brain acvrty may be momtored and e(ected . For 



entire disclosure of which is hereby expressly incorporated by reference herein. 

,00019, Figs. 1A and IB show an exemplary embedment of a catheter assembly 1 according to 
he present invention. The catheter assemb.y . includes a dua! htmen catheter 100 an a data 

Living data from electrodes placed on the scalp or under the skin as would be undergo by 

he made from anybio-compattble ma,ena,s, such as, for example, silicon. As shown in Fig. IB, 
a distal end of a catheter 100 which comprises a first lumen 1 10 and a second iumen .20 ,s 
inserted into a ventricle of a patienfs brain as discussed in more detail below. At some pom 

di vel into separate branches 1.0 and .20. Alternatively, as wou.d be understood by those f 

catheters performing the same Oancttons as the second htmen .20. As shown .» F, . 2A, , e rst 
hrmen 1.0 extends pas, a valve . .4 to a reservoir , .3 which is coup.ed to a pump . 5 o that 

LupphedtotheCSF. As shown ,n Fig. 2B, me pmxima, end of the branch 120 , coup edvta 
a va ,ve 114' to a receiving vo.ume 130 and a re.ief valve . .6 consols drainage of the fluid 
within the receiving volume , 30 into the body. Exemplary interna, locations for the recetvmg 
volume .30 include the venous system, peritonea, cavity, pleural cavity, etc., and an exempt 

CSF into the receiving volume 130 to maintain a thresho.d pressure in the cranium. The valves 
4 : d U4.may,for«xamp,,be— tedasdescHbedhrU.S.PatNo.S^Harns, 
which is hereby express.y incorporated by reference herein. Alternatively, those sk. l ed m he 
artwiurecognizethatthevalves ..4, 1.4 maybe any Cher flow contro. component which 

ahectionsandathmesdesiredbythesystem.Aswouldbeunderstoodbyfltosesx.l.edmto 
art the pump . . 5 may be an osmotic pump, micromechanica. pump, or other conventtonal 



pump. 



,00020) Alternative!,, fluid may be drained into .he patient's bod, In this case, the second 
, 14 , s otira,CSF — .^"-ventitc.enr.enter.ebo.esanddr.ntionr^ 
,00. tit addition, a second pump (no. shown) ma, be eoup.ed to the second lumen 120 to 
in drawing CSF from me CNS. The second lumen 120 allows CSF to be wuhdrawn from the 
_ I remove acc„mu,a,ed, uudesirab,e toxic substances and/or to enable mrcroassays of a 
withdrawn CSF sample. Furtirermore, as would be understood h, those skilled m tire art, a 

sp ecif,csubs,ancesma,au.omaticaU,re f u,ar„or continuous,, sense concent^ of ti*se 
s ecific substances <e.„ in the receiving volume ,30) and compare these 

„ ut pu, of tire pump ,15. The CSF ma,be extracteti from the receiving volume 130 1. an 

need,e would be inserted into a se,f-sea,in g septum so ma., upon wrmdrawa, of tire needle 
tatkage from the receiving volume 130 would be prevented. 

,000211 As mentioned above, a withdrawn CSF sample may be microassayed to make 

toe make-up of tire fluid included in the reservoir 1 13, If, upon assay of tire wrthdrawn CSF 
sam p,e, the CSF is found to contain undesirable materia,, i« may be ehminated Cher 

Furtirermore, if microassa, of the withdmwn CSF samp,e revea,s excess or deflcten, e, Croiyles 
Iprecuraorsormetabo,^^ 

order to restore a desired balance. 
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possible to manage levels of these toxins, in 

llo^eveUwiU^^evarteaaswentoacco— drese drfferences. 

• „< the catheter 100 aets as a shunt system as described, for example, in 
f eini. 'l e W The catheter assembly 1 isintrodneedinlolhevenirienlarsystemoflhe 

Z Thepr lima, end of me firs, lumen 1.0 maybe inserted, , g ., mto the pa,- . 

.in order to supply fluids and/or therapeutic agents thereto. As is 

held in place by the scalp. 

,00024, Fig. 3 shows in more deta.1 an osmotic pump assembly (such as, for «-£ 

™ ,15 of Fig 2A The osmotic pump assembly 1 15 contpnses an osmottc reservo r ,33 
P ump,15ofF.g.2A. assembly „ 5 supplies fluid from the agent 

supply reservoir 132,o the CNSvtam ,„ ^ solvent to migrate across a 

agen, supply reservoir 132 and fine osmohc reservotr ,33 causes solvent 



semi-permeable membrane 134 extending therebetween. The membrane 134 may be ^™*^° r 
in the art. As discussed in more deta,. below, the osmofe pump 1 15 may repl y 

data processing u transmitting unit to send out a 

t/-tj Pnr PYflTrmIe the data processing unit 2UU may comrui a o 

r.T— — - 

perform automatic peak detection of the BAER waveshape. THen, an interval be 

j • i th!lt t u P TCP is not optimum and, either tms cuid is uu F 
threshold length, it is determined that the iur is noi u F 

unti, the BAER data indicates that the .CP is within me acceptable range. F example, 

(i e when the interval between the firs, and fifth peaks ts eona. to or less than 4 
— sse^ 



range. 



,00020, in addition to the dua! iumen cafteter 100 and its components, as described above the 
IZltaprocessmgunit^OmaycompriseaQEBGand/orBABRumtorothersensory 
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• via 1 A As would be understood by those skilled in the 
evoked potential system, as shown in Fig. 1 A. As wouia dc w 

us of a high-speed data processor and electrodes p.aced on or under the scalp an nuked .0 
^ssor 

—esofaebrainarrdconvemmeminloawavepattern.oprovidebiofeedback 

brain ctivfty may be used ,0 monitor ,he same effects. The data processmg umt 200 may be a 

which gatbers dam from tbe data processing unit 200 and from other sources and conftols 

Lplenuof^syalemsuchas^oamoticpump.31— — 

JL The erodes for .be data processing unit 200 system may, for examp e, be nnplanted 

Paten. No. 6,463,328 the entire disclosure of which is hereby expressly incorporated by 



reference herein. 



,00027! More specific*, me da.a processing unit 20O may comprise a QEEG umt 200A 
LfcUze^OOBanda — er200C. The QEEG unit 200A preferably operates as 
w „n,d be understood by .hose skilled in .he art .0 perform a„ the functions of known 

l^ctionwimme — ^^^^^T^ 
g ^b y( he — . Eo, example — ZZ^Z^ 
while me electrodes forward dab. to data processmg umt 200. The BAER ana y 

«* performs automatic peak detection of ,he BAER waveshape to determme the mterva, 
JL .he firs, and fifth peaks. This da, is men used by .he data processmg urn. 200 .0 

l^peakaofmeBAERWormlsnogreaterthanap— 

4.2 milliseconds) or until the ICP is below a predetermined threshold (e.g., 7.0 Torre). 
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C F — ons created by the present invention. It may gauge the rate and amoun of 

eon^dataeorre.ponding.o activity of ^^^^^1, ^ 
pI esen« or to known normative va.nes appropriate for the age, gender, etc. of th pat, nt 

^ropnate— H^* — 

Lnde an interface aUowing for updated uonnative data to he provrded thereto 
implantation. 

,00029. As described above, a pluraUty of erodes coupled to Ore dam processing unit 200 
, ITnatienfs seaip hr addition, the data processing unit 200 may he connected to 
are coupled to a pafents scalp. „ fthemim „ 115 maybe controlled thereby 

Cosmetic pump assembly 1.5 so tha, operatton of the purn^ V 
bas ed on the brain activity detected by the data proeessmg urn. 20OA. ~ 
te e of ski,, in the art, each of the p.urahty of electrodes ts connected vta aplumh* 

brai „.waves). The data processing unit 200 then analyzes and operates on thts EEG tgn^u 
data processing unit 200 to reterence oaia ^ s , 

aalaL taken from this patien, when no symptoms (or reduced symptom ) f the CNS 

, • fi,iiv Ascribed in the article John etal., 

^^^^^ ^^^^-^TT 

293.162 169, t The analysis may indicate a deviation from the 

norms mdteaung thatCSM, ^ ^ ^ „ ,„ ^ 

the data processing u»,« 200 may pmv ^ „ 
valve 114' directing changes required to restore any oev create 
1 data analysis. For examp.e, if the analysis indicates that a concenhahon of part 



12 



processing uni, 200 may notify the osmotic pump assembly 115 «o reduce the rate of chenuca, 

,evei of a toxin produced within the brain, the data processing uni. 200 may dtrec fte fom* 
introduction of fluids to reduce the toxin concentration, etc. Of course, Arose sktUed m the art 
wil , undersftnd that in any or ah of the eases, me data processing uni, 200 may provr e output 
nata to an operator of me system who can ovemde any automatic comrois whreh the da* 
processing uni, 200 may he preparing to enact, hr addition, me daft processmg mu, 200 may 

,00030, As descrihed ahove, me da,a processing uni, 200 is also connecmd ,o me valve 1 K of 
L second lumen 120. After me EEG signal analysis has been conduced by the date processing 
nft, 200 as described ahove, me data ftom the data processing unit 200 may be provrded o an 
operator who may maxe adjustments as necessary. Alternative.,, the data processmg un 200 
Lly contro! the valve 1 1* based on thts data ,» either tnerease or decrease an amount of CSF 
b ei„ g drained ftom the ventricle. Tta me data processing uni, 200 may regulate me dramage 
of CSF as well as the infusion of chemicals into the CSF. 

,00031, Fig. 4 shows an exemplary embod,men, of a me,hod for me correCion of mtracerebra, 

insert ed into the ventricle, CSF is drained through the second hrrnen 120 into Ore recetvmg 
volume ,30(s,ep 500) by opening the vaWell,. «» — *?~*^ZZ% 
t „e„ determines fte ICP (step 510), microassays me fluid in Are recervmg vo urn 130 ( tep 0 

predefined Uueshold (step 540) and, if fte .CP is grea,cr ftan mis amoun,, «he valve 16 - 
opened ,o drain CSF ftom fte CNS (s,ep 550). If fte ICP is .ess ftan fte ftreshold amourd fte 
valve 116 is matntainen close. (s,ep 560). Based on fte ^rarysis of hrain activUy ,n s ep 53 
and fte microassay of fte CSF in s.ep 520, fte da,a processing uni, 200 defines whefter fte 
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infusion of fluids or therapeutic agents is indeed (step 570). If .he infusion of tads and/o 

and/or agents to be snppUed (step 580). Then the data proving unit controls the pump 230 
(described below) to supply Ute desired mix to the CNS (step 590). Those skiUed in the art wtll 
understand that the data processing unit 200 may analyze hrain activity continuous* or a, 
re gu,a, intervals with a delay factored in based on an expected time for the diffusion o 
therapeutic agents to the targeted areas in the bratn and that the datamay be in.erpre.ed by dte 
data processing unit 200 as descnbed, for example, in the Science Arttele. 

. • v <»m„lti chamber Dump 230 which includes a plurality of chemical 
1000321 As shown in Fig. 5, a tnulti-cnamoer piunp /. 

eserves 232 may be substituted for Ore pump 1 15 of Fig. 1A. Each of the chemica. reserves 

232 is separated torn a firs, solute reservon 234 by a corresponding flexible membrane 236. 
The fit,, sohite reservoir 234 is separated from a second solute reservoir 238 by a sem- 

233 in fluid communication with fire first himen .10 by a corresponding valve 242. Thus, 
a concentration difference exists between .he firs, and second solute reserved 234, 2 8, 
respectively, solvent migrates across the membrane 240 unti, the concentrations on either s, 
Jeofarebalanced.Forexample.ifmeeoncentrationofmesoiuteish.gberm.hefimts^ 

reservoir 234 dran in me second so.ute reservoir 238, solvent moves across .he membrane 
ftom .he second so.ute reservoir 238 into the firs, solute reservoir 234 to ba.ance the 
eoncen.rations.Theincreasedvo.umeofsofven.inme firs. so,n.e reservoir 234 exerts pressure 
on the flexible membrane 236. However, .he flexible membranes 236 can no. be moved .o 
expand .his vo.ume umess one or more of.be valves 242 is moved to the open position A We 

t „e respective chemica, reservefs) 232 .0 supply the chemica.(s) stored therein to the CSF 
ntising vo.ume 233 and the first .umen .10. Ahemativdy, each chemical may be stored ,n a 
separate chemica. res«ve and pnmped from there into the CSF by a corresponding mnnature 
piezo-e.eo.ric or osmotic pump as would be understood by those skilled in the art. 
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,000331 Those skilled in .he ar, will understand that the valve con.ro, mechanism 244 may be 
coupled ,o .he da. processing uni. 200 for automatic control based on analysrs of brum aCvdy 

swl ,ches, to achieve a desired ba.ance of a pmrality of rherapen.ic agents supphed .o he CSK fit 
addi.,onavalvema y bep 1 acedbe^eenme m ix i ngvolume233andmenrs.lumenll0so^ 

se,ec.ed chemica,s may be mixed wirhin me mixing vomme 233 before .bey are transported 
the CSF via the first lumen 110. 

,00034, There a* many modifications of fire present invention which wiU be apparent t< .those 
Lfied in .he art without departing form the teaching of the present invention. The embodmren s 

.... tnhp ,: m ; ted on i v bv the scope of the claims appended hereto, 
the present invention which is to be limited omy oy we v 
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